Abstract. HESS J1943+213 is a very high energy (VHE; >100 GeV) γ-ray source in the direction of the Galactic plane. 38 hours of deep VERITAS observations taken over two seasons detect the source with ∼20 σ significance. Monitoring observations of HESS J1943+213 show a remarkably stable flux and spectrum in VHE γ-rays. Studies exploring the classification of HESS J1943+213 are converging towards accepting the source as an extreme synchrotron BL Lac object. Specifically, overall SED characteristics of the source, the detection of a potential host galaxy in near-IR imaging, and VLBI observations of the HESS J1943+213 radio counterpart showing extended jet-like emission at milliarcsecond scale and core flux density variability establish the source as a blazar. Recent Very Long Baseline Array (VLBA) observations of the source (shown here for the first time) confirm the extended structure found in the 1.6 GHz band and detect the jet-like component in the 4.6 GHz and the 7.3 GHz bands. The spectral indices of the core and the jet-like components derived from the VLBA observations are in a range typical for blazars. HESS J1943+213 fits the extreme HBL description; however, with variability detected only at milliarcseconds scales in radio, it appears to be an abnormally stable VHE γ-ray blazar.
HESS J1943+213 is a recent addition to this blazar class after the debate over whether it is a blazar or a Galactic source was settled in favor of the former. Despite the favored blazar classification from the time of the discovery [9] , there were initial challenges primarily from 1.6 GHz VLBI observations with EVN measuring a brightness temperature too low for an AGN [10] . The blazar classification was solidified by the combination of the discovery of a potential host galaxy in the near-IR [11] , a comparative study of the source SED with another extreme HBL [6] and follow up VLBI observations that measured a brightness temperature within the blazar range, a jet-core structure, and overall radio properties consistent with a blazar classification [12] . For a blazar, HESS J1943+213 is exceptionally stable. The only claims of flux variability for the source come from comparisons of VLBI-measured flux densities [12, 13] ; whereas, no significant variability has yet been detected in multi-year X-ray and γ-ray observations [9, 14] .
The precise distance to HESS J1943+213 is not known, though indirect limits from imaging of its potential host galaxy and its γ-ray spectra place it in the 0.03 < z < 0.45 redshift range [11] .
Observations, Results, and Discussion
VERITAS
The Very Energetic Radiation Telescope Array System (VERITAS) is an imaging atmospheric Cherenkov telescope (IACT) array located at the Fred Lawrence Whipple Observatory (FLWO) in southern Arizona (31
• 40 N, 110
• 57 W, 1.3 km a.s.l.). VERITAS is composed of four 12-m telescopes, each equipped with a 499 photo-multiplier tube camera providing a 3.5
• field of view. The array can reliably reconstruct γ-rays with energies between 85 GeV and >30 TeV and has an angular resolution (at 68% containment) of < 0.1 degrees for a 1 TeV photon. The energy resolution is 17% at 1 TeV, with a 10 5 m 2 peak effective area [15] . VERITAS has observed HESS J1943+213 for a total exposure time of 37.2 hours, amounting to a weathercleaned live time of 30.9 hours, with initial results from the first year of observations reported in Shahinyan and VERITAS Collaboration [14] . The source elevation is within the 63
• -80
• range, with the common low energy threshold determined to be 178 GeV. Using the full dataset, the source is detected with an excess of 19.3 σ centered at α=19h43 59 and δ=21
• 19 05 , consistent with the catalog position of HESS J1943+213. The VERITAS significance map from these observations, included in Figure 1 , is clean showing no other sources in the field of view.
The spectra of HESS J1943+213 are constructed separately for each year of observations, as well as for the entire dataset and are presented in Figure 2 . The spectra from individual years agree with each other within the statistical uncertainties, indicating no evidence for spectral variability on a yearly timescale. The combined spectrum is fit well by a power-law function with a spectral index of -2.8±0.1 stat in the 200 GeV-2 TeV energy range. This is consistent with the spectral index of the source reported by H.E.S.S., Γ = -3.1±0.3 stat ±0.2 sys between 470 GeV and 6 TeV [9] (in the same energy range, the VERITAS-measured spectral index is -2.85±0.3 stat ). −12 cm −2 s −1 . Consequently, in addition to the remarkable stability of the source flux within two years of VERITAS observations, there is also good agreement between flux from observations more than six years apart from two independent VHE γ-ray instruments.
Very Long Baseline Array
The radio counterpart to HESS J1943+213 was observed with the Very Long Baseline Array (VLBA) on 2015 August 11 (Project ID: BS246) as part of a request to follow up on the European VLBA Network (EVN) detection and characterization of the source [10] extended, jet-like emission in the 1.6 GHz, 4.3 GHz, and 7.6 GHz images. This is the first detection of the extended milliarcsecond-scale structure of this source in 4.3 GHz and 7.6 GHz bands, allowing multifrequency exploration of the source properties in VLBI. The core-jet structure has been previously detected through a deep 1.6 GHz band observations with EVN [12] . The core brightness temperature (T B ) of the HESS J1943+213 counterpart is estimated using images from all bands except for the 15 GHz band, where the sensitivity was too low for phase and amplitude self-calibration. Lower limits are derived due to a partially resolved core and the possibility of interstellar scattering resulting in T B > 1.1×10 9 K, 2.0×10 9 K, and 1.6×10 9 K for the 1.6 GHz, 4.3 GHz, and 7.6 GHz bands respectively. These values are well within the range for blazars. We do not confirm the significantly lower brightness temperature measurement of T B = 7.7×10 7 K, which was based on the EVN 1.6 GHz image [10] and which has subsequently been reanalyzed showing higher brightness temperature, T B > 1.8×10 9 [12] . A spectral index of -0.3 ± 0.06 is measured for the HESS J1943+213 core, determined from all 4 bands, and an index of -1.1 ± 0.4 for the extended emission is calculated over 9.3 square milliarcseconds based on the 4.3 GHz and 7.6 GHz images. Both measurements are consistent with reported values for blazar cores and jets from the MOJAVE sample [16] , but they are discrepant from the only available radio spectral index measurements of the core of this source from e-MERLIN that find an index of -0.03 ± 0.03 [13] . The e-MERLIN observations do not resolve the source, however, and the core spectral index calculation using these observations is affected by emission from the jet-like feature.
Based on our position measurement of the HESS J1943+213 counterpart and the position reported from the Gabányi et al. [10] EVN detection, we see a change in position of 1.1 mas. This is consistent with zero, given the ∼2.5 mas uncertainty of the position measurements. Using this positional uncertainty and the ∼4.3-year time difference between the two observations an upper limit of 47 km/s is calculated for the transverse velocity of the source at 17 kpc -the assumed distance for a pulsar wind nebula. This value is significantly low compared to typical Galactic pulsar velocities obtained from VLBI proper motion measurements that fall within the 100-300 km/s range [17] and is another piece of evidence against a Galactic origin for the source. technical support staff at the Fred Lawrence Whipple Observatory and at the collaborating institutions in the construction and operation of the instrument. The VERITAS Collaboration is grateful to Trevor Weekes for his seminal contributions and leadership in the field of VHE γ-ray astrophysics, and for his interest in the wider applications of IACTs, which made this study possible.
